The present study investigates the dynamic relationship between energy intensity and CO 2 emissions by incorporating economic growth in environment function using data of Sub Saharan African countries. For this purpose, we applied panel cointegration to examine the long run relationship between the series. We employ the VECM Granger causality to test the direction of causality between the variables.
Introduction
In addition to being the greatest market failure the world has ever experienced, climate change has been described as a serious environmental threat of 21 st century (Stern, 2006) . The adverse impacts of climate change impose an additional cost on vulnerable countries to achieve their development goals. The channels in which climate change affects GDP includes lower productivity; damages from catastrophic storms and sea level rise; rising agricultural and forestry losses; growing food and water shortages; and massive refugee problems (Stern, 2006) . Among the greenhouse gasses (GHGs) that are responsible for the current global warming, CO 2 emissions is by far the most significant, as it contributes more than 70% of atmospheric concentration (Solarin, 2014a) . Human activities are chiefly responsible for CO 2 emissions in several instances. Pursuits of economic activities involve fuel combustion in the power generation, industrial, residential and transportation sectors, which add to GHGs. Recently, there has been increasing scrutiny of the environmental consequences of economic growth. Hence, the benchmark of economic activities growth is gradually shifting from simple growth to ecofriendly growth in the last couple of decades (Nasir and Rehman, 2011) .
Resulting from the perceived relationship between emissions and economic growth on the one hand and emissions and energy (which is responsible for most emissions and also serve as engine of economic growth and development in many countries), on the other hand, literature has traditionally considered environmental degradation, economic growth and energy consumption within the Environmental Kuznets curve (EKC) framework. It postulates that pollutant emissions increase with income in lower income countries but decrease with income in higher income countries (Solarin, 2014a, b) . There are several studies for different economic blocs. However, the findings from these papers are not only diverse but also, largely ignore African countries. (Cogan, 2008) . However, the continent receives the least attention from global policy makers. One of the reasons given is the lack of studies on African countries (Boko et al. 2007 ). Due to the insignificant contribution to global emissions, previous studies have largely ignored African countries, which however requires research for the purpose of negotiating multilateral climate change agreements;
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designing appropriate environmental and energy policies (Solarin, 2014a ).
Data Collection and Methodological Framework

Data Collection
We extracted the data of the series including real GDP per capita (US $ at constant prices), We have transformed all the series into logarithmic form. 
ADF Unit Root Test
The investigation of integrating order of all variables is prerequisite to examine the long run relationship or cointegration relation among the variables. Widely used Augmented DickeyFuller (ADF) reveals that inference about basic stochastic process is based on basic time series.
This makes stationarity tests necessary to illustrate the unit root problem in empirical analysis.
The results of ADF unit root test are reported in Table- 
Johansen Cointegration Test
In this study, Johansen maximum likelihood (ML) approach that was advanced by Johansen and Juselius (1990) and Johansen (1995) is employed to estimate cointegration among variables. The main reason is that Johansen cointegration is one of the most consistent tests of cointegration.
The other advantage of this approach is that one can simultaneously examine several cointegration relationships among the variables. Two statistics are used for this cointegration test, which are the trace (Tr) test and the maximum eigen value (λmax) test. The results of Johansen cointegration are reported in Table- 2. We find that two (one) cointegrating vectors are found in Botswana, Congo Rep., Ethiopia, Gabon and Senegal (Benin, Cameroon, Ghana, Kenya, Nigeria, Senegal, South Africa, Togo and Zambia). This confirms the presence of cointegration between the variables for the sampled countries.
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The long run and short run panel elasticities are reported in Table- Togo. In the case of Senegal, Nigeria and Cameroon, relationship between economic growth and carbon emissions is U-shaped. In most of the countries we could not find the existence of the EKC for carbon emissions. In short run, energy intensity leads CO 2 emissions in case of Benin, Botswana, South Africa, Togo and Zambia. The inverted-U relationship between income and carbon emissions is also confirmed in case of Congo Republic and Ethiopia while in Kenya, this relation is U-shaped.
The VECM Granger causality approach
Upon the establishment of cointegration, the next step is to test the pattern of causal relationship between energy intensity, economic growth and CO 2 emissions using data of African countries.
We employ the vector error correction method (VECM) to estimate causality if the series turn out to be stationary. The VECM is restricted variant of unrestricted VAR (vector autoregressive) and restriction is imposed on the presence of cointegration relationship between the series. All the variables are assumed to be endogenous in the VECM. Within such environment, dependent series is influenced both by the lags of independent variables and its own lags in addition to the error correction term. The VECM in three variables case takes the following form: long-and-short runs causal relationships. Besides, the VECM is utilized to determine causality in long run and short run.
The significance of the coefficient of lagged error term i.e. 

. The same conclusion can be inferred for the other causality hypotheses. The results are reported in Table- 
Panel Unit Tests
In the present study, the Levin et al. Table-5 .
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We find that the entire series show unit root problem at level with intercept and trend confirmed by LLC, IPS and MW unit root tests. The variables are found to be stationary at first difference.
It implies that all the series are integrated at I(1). The unique order of integration of the variables leads us to apply panel cointegration to investigate long run relationship between the variables.
Panel Cointegration Tests
Once variables are integrated at unique level of integration i.e. I (1) Table-6 .
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The results of panel cointegration are represented in Table- Table- 7 and indicate that computed value of likelihood ratio exceeds the critical values at 1% and 5% levels respectively. This leads to infer that there are two cointegrating vector which validate the existence of long run relationship between variables.
These findings confirmed that long run results are robust and consistent.
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We have investigated the long run as well as short run panel results as reported in Table-8 . We discover that energy intensity is positively linked with energy pollutants. The relationship between income and environment is inverted-U shaped which reveals that level of carbon emissions increases with a rise in per capita, stabilizes and declines once economy achieves its highest level of income. In short run, we note that energy intensity adds in CO 2 emissions significantly. The statistical significance implies that our established cointegration relation is consistent and robust. The negative sign of the lagged error term indicates that the deviations in CO 2 emissions function are corrected by 13.58 and will take 7 years and 4 months to reach equilibrium path.
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Panel Granger Causality
Granger (1969) argues that there must be causality at least from one direction if variables are cointegrated for long run relationship. The exact knowledge about direction of causal relationship between carbon emissions, energy intensity and economic growth enables policy makers to articulate an inclusive energy policy to endure economic growth by controlling environment from degradation. For this purpose, we apply dynamic error correction model proposed by Granger (1988) . The empirical representation of VECM Granger causality approach is modelled as following:
E and  are carbon emissions per capita, real GDP per capita (squared of real GDP per capita), energy intensity and difference operator of the series. The error correction term is indicated by ECT and p is for lag length of the variables. The lag length of the variables is selected using the Akaike information criterion (AIC Y react to changes from long run equilibrium.
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The panel causality results are presented in Table- 
Concluding Remarks and Policy Implications
The aim of present study is three folds: (i) empirical presence of EKC is tested in Africa, (ii) same exercise is conducted for individual countries, and, direction of causal relationship is explored between CO 2 emissions, energy intensity and economic growth over the period of 1980-2012.
In the long run, the relationship between real GDP per capita and carbon emissions is non-linear, at regional level. This validates the empirical existence of inverted-U shaped relationship between economic growth and CO 2 emissions. The hypothesis does not hold in the short-run for the continent. However, in the two time horizons, energy appears as positive and significant factor for the level of emission in the continent. The results further show that long run unidirectional causality running from energy intensity to economic growth, which implies that the continent is energy-dependent and conserving energy as a policy tool (possibility for emission reduction) is not warranted as such move will impair economic growth. As a policy implication, this evidence seems to suggest that higher economic growth is associated with reduction in levels of CO 2 emissions in long run. Therefore, in the course of decreasing emissions, authorities may not need to sacrifice economic growth, especially in the long term. As energy intensity remains fundamental in meeting basic needs and achieving Africa's development goals; and at the same time, the results shows energy as a major factor in emissions, policy makers must cultivate and nurture attitudinal change policy towards energy use in order to achieve a growth-free emission. Africa is challenged with the task of enhancing access to energy while at same time making optimal usage safe energy alternatives. As it stands now, strong This dependence on coal is due to the fact that South Africa houses the ninth largest global recoverable coal reserves and holds 95% of the continent's total coal reserves (EIA, 2013). Fossil fuels are considered to be high emitting fuels with coal mostly culpable. This has made the country to become the chief carbon emitter in Africa. Therefore, the reduction of coal content of the energy mix should be the focal point of energy policy aim at addressing emission in the country. Of late, the government of South Africa has commenced initiatives meant to explore shale gas, which is expected to offer the country with a dependable fuel alternative to coal, especially since natural gas produces less emission (EIA, 2013). Attentions are also being paid to the utilization of renewable energy, which was considered as an economic cost. South Africa has lately embarked on a renewable energy programs with strong solar and wind allocations (Deloitte, 2012) .
As per other countries, EKC seems not to exist in the long run. With some parameters insignificant yet, the results analysis indicate that energy consumption is positively associated with emissions, except for Ethiopia and Kenya. Definitely, energy use must be re-structured in these countries such that increase in energy intensity does not necessarily translate into higher emissions. Botswana, Congo Rep and Benin are substantially dependent on fossil fuels, which account for roughly 67.11%, 42.87% and 41.55% of their energy mix in 2010, respectively (World Bank, 2013). Promotion of renewable energy would an appropriate tool in the countries.
However, for Ghana, Togo, Zambia and Gabon, which already have sizeable renewable energy in their energy mix, efforts to increase this ratio will be well placed in reducing emissions in these countries such as the introduction of low-emission vehicles, particularly in a commercial context; switching to fuels with lower emission factors, possibly including bio-fuels (UNDP, 2013; EIA, 2013). In the recent times, some of these countries have already launched identical initiatives. For example, Ghana has introduced a Renewable Energy Law, which involves a system of tariff. This is augmented by the Strategic National Energy Blueprint for 2006-2020 which pursues the objective of ensuring that renewable energy constitutes 10% of the total energy mix by 2020 (IEA, 2010). The blueprint also intends to use renewable energy technologies in order to attain 30% penetration of rural electrification by 2020 (Briefing, 2012) .
